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This application relates to diagnosing and performing interventional procedures on 
tissue using endoscopically insertable catheters. ^ 
Lesions in body lumens such as the alimentary track may be diagnosed by inserting <g 
an endoscope into the alimentary track and inserting through a working channel of the endoscope 
a catheter having optical fibers for transmitting light to tissue located at a distal end of the 
catheter and for conveying light back from the tissue for analysis by a spectroscopic diagnosis 
system. If the spectroscopic diagnosis system determines an interventional procedure should be 
performed on the tissue, a biopsy of the tissue may be taken or the tissue may be otherwise 
removed or treated. 

Summary of the Invention Q 
One aspect of the invention features a catheter for diagnosing and performing an 
interventional procedure on tissue. The catheter has an elongated catheter shaft, and optical 
fibers, extending through the catheter shaft, transmit light to tissue located at a distal end of the 
catheter shaft and convey light back from the tissue for analysis by a spectroscopic diagnosis 
system to determine whether an interventional procedure should be performed on the tissue. An 
interventional device is located at the distal end of the catheter shaft for engaging tissue 
diagnosed by the spectroscopic diagnosis system inorder to perform the interventional procedure 
on the tissue. 

In various embodiments the catheter is constructed to be inserted through the 
working channel of an endoscope, and the interventional device is, for example, a scalpel, 
forceps jaws, a snare, a scissors, or a needle. An interventional needle can be used, for 
example, to cut the tissue, to apply an adhesive material to the tissue, to inject a chemical 
ablation fluid into the tissue, or to inject a marking fluid into the tissue so as to enable the 
tissue to.^e'5eated by another interventional device, which may be located on another 
catheteVSause the interventional device is located on the same catheter as the optical 
fibers, thejhysician can perform the interventional procedure on the tissue without having to 
remove tr* catheter from the patient's body. Moreover, the diagnosis and interventional 
procedure can be accomplished at multiple sites without having to remove the catheter from 
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the patient's body. In various embodiments the interventional device is, for example, a 
scalpel, forceps jaws, a snare, a scissors, or a needle. 

Another aspect of the invention features an assembly comprising an endoscope, a 
catheter shaft insertable through a working channel of the endoscope having optical fibers for 
transmitting light to tissue and from tissue for analysis by a spectroscopic diagnosis system to 
determine whether an interventional procedure should be performed on the tissue, and an 
interventional device, insertable through a working channel of the endoscope, for performing 
the interventional procedure on the tissue. 

Another aspect of the invention features a method for imaging and performing an 
interventional procedure on tissue. A catheter having an ultrasound imaging device"located at 
its distal end is inserted through a working channel of an endoscope, for imaging a tissue 
structure located at a distal end of the endoscope, and the tissue structure is displayed in a 
manner that indicates-the depth of penetration of the tissue structure into the body of the 
living being. An interventional device, which is inserted through a working channel of the 
endoscope, performs interventional therapy on the tissue structure in a manner responsive to 
the displayed depth of penetration of the tissue structure. 

This aspect of the invention enables the physician to determine the depth to which 
a tumor has grown into or through the wall of a lumen in order to determine whether the 
tumor can be removed safely from the lumen. The physician can rely on the ultrasound 
image display to determine how much tissue to remove in view of the depth of penetration of 
the tissue structure, and can also observe the ultrasound image of the tissue structure while 
performing the interventional procedure on the tissue structure so as to ensure that an 
appropriate amount of tissue is removed. 

In general, the invention aids physicians in the accurate early diagnosis of patients 
with cancer or other abnormalities inside the body. Many cancers or other abnormalities can 
be treated efficiently if diagnosed and treated early enough in the least invasive manner, the 
invention helps physicians to locate suspect areas, diagnose accurately, and sample and treat 
tissue efficiently. The invention also provides high diagnostic accuracy and short procedural 
time by providing accurate data and avoiding unnecessary biopsies. Consequently, overall 
health care-Costs are low because of low lab analysis costs and minimal outpatient hospital 
visits. 
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Numerous other features, objects, and advantages of the invention will become 
apparent from the following detailed description when read in connection with the 
accompanying drawings. 

Rrief Descri ption of the Drawings 

Figs. 1-6 are a set of drawings showing the steps of a process for spectroscopically 
diagnosing and marking tissue using an endoscopically insertable catheter and for removing 
tissue using another endoscopically insertable catheter. 

Fig. 7 is a drawing of an endoscopically insertable catheter combining optical 

fibers and forceps jaws. 

Fig. 8. is a drawing of an endoscopically insertable catheter combining optical 

fibers and a polypectomy snare. ^ 

Fig. 9 is a drawing of an endoscopically insertable catheter combining optical 

fibers and scissors. 

Fig. 10 is a drawing of an endoscopically insertable catheter combining optical 

fibers and a needle. 

Fig. 1 1 is a drawing of an endoscope in combination with an endoscopically 
insertable catheter having forceps jaws and an endoscopically insertable catheter having an 

ultrasound imaging device. 

Fig. 12 is a drawing of an endoscope in combination with an endoscopically 
insertable catheter having optical fibers and forceps jaws and an endoscopically insertable 
catheter having an ultrasound imaging device. 

Detailed Description 
Figs. 1-6 refer to an endoscopically insertable catheter having optical fibers for 
transmitting light to tissue and for conveying light back from tissue for analysis by a 
spectroscopic diagnosis system and having a needle for performing an interventional 
procedure on the tissue, namely, injecting india ink into tissue diagnosed by the spectroscopic 
diagnosis system in order to mark the tissue for biopsy, treatment, or removal by another 
interventional device. If the spectroscopic diagnosis system determines that the tissue should 
be treated^ the catheter having the optical fibers and needle is withdrawn from the endoscope 
and z. catheter having forceps jaws is inserted through the endoscope in order to obtain a 
biopsy of the tissue or to remove or treat the tissue. 
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With reference to Fig. 1 , a distal end of an endoscope 20 is inserted through a 
lumen 21 of a patient's body, such as the esophagus, rectum or pulmonary tract. Endoscope 
20 has an optical fiber 22 connected to a light source 24 located at a proximal end of 
endoscope 20 for transmitting light to tissue located at the distal end of endoscope 20, an 
optical fiber 26 connected to an eyepiece 28 located at the proximal end of endoscope 20 for 
viewing the tissue, a fluid channel 30 connected to a fluid source 32 located at the proximal 
end of endoscope 20 for flushing the tissue with fluid such as a wash for the visual fiber 
optics, and a working channel 34 for receiving a catheter. In Fig. 1, light source 24 is turned 
on. 

With reference to Fig. 2, a catheter 36 'having an" elongated catheter^haft is inserted " 
through working channel 34 of endoscope 20. Catheter 36 has optical fibers 38 and 40, 
which extend through the catheter shaft and are connected to a spectroscopic diagnosis 
system 42 located at the proximal end of endoscope 20. Optical fibers 38 and 40 can be made 
of a quartz glass component or other suitable glass or polymer material capable of 
transmitting and receiving wavelengths necessary to distinguish between healthy and 
abnormal tissue that has been treated by a diagnostic reagent. The optical fibers may be 
bundled together as a single light transmission and reception probe rather than the two 
discrete fibers shown in Figs. 1-5, the probe including an outer sheath made of SST or a 
suitable semi-rigid polymer that is non-reactive to diagnostic reagents. Catheter 36 is 
connected to a catheter control mechanism 39 located at the proximal end of endoscope 20 
that controls the longitudinal movement of catheter 36 within working channel 34. Catheter 
control mechanism 39 also controls the longitudinal movement of optical fibers 38, 40 and 
may extend or retract optical fibers 38,40 with respect to catheter 36. In Fig. 2, light source 
24 is turned on and optical fibers 38, 40 are extended from catheter 36 to the tissue. 

With reference to Fig. 3, light source 24 is turned off, optical fiber 38 transmits 
light to the tissue, and optical fiber 40 conveys light back from the tissue for analysis by 
spectroscopic diagnosis system 42 to determine whether the tissue should be treated. 

For example, optical fiber 38 transmits a monochromatic light beam having a 
wavelength or set of wavelengths selected to cause the tissue to fluoresce in a manner such 
that at one wavelength of the fluorescent light the intensity is approximately the same 
regardless of whether the tissue is normal or cancerous and at another wavelength of the 
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fluorescent light the intensity differs substantially depending on whether the tissue is normal 
or cancerous. By analyzing the ratio of the intensity of the fluorescent light at the wavelength 
at which the intensity is approximately the same regardless of whether the tissue is normal or 
cancerous to the intensity of the fluorescent light at the wavelength at which the intensity 
differs substantially depending whether the tissue is normal or cancerous, spectroscopic 
diagnosis system 42 can determine whether the tissue is normal or cancerous, and in some 
instances whether the tissue is a benign tumor. The tissue may first be treated by a diagnostic 
reagent that bonds more selectively with diseased (cancerous) tissue than with normal tissue, 
or vice versa, and that absorbs light transmitted through the catheter and thereby causes the 
tissue to fluoresce at a wavelength or set of wavelengths d^^frdrntfelSn^^orr 
wavelength. The intensity of the light conveyed back to the spectroscopic diagnosis system 
may be displayed graphically through the aid of a computer as a function of wavelength, and 
the endoscopist can interpret the data. 

Referring to Fig. 4, if spectroscopic diagnosis system 42 determines that the tissue 
should be treated, catheter control mechanism 39 retracts optical fibers 38 and 40 into 
catheter 36, and light source 24 is turned on. Catheter control mechanism 39 also controls the 
longitudinal movement of a needle 44 which is located at the distal end of catheter 36 and 
extends needle 44 to the tissue. Needle 44, which can be made of SST or a suitable semi- 
rigid polymer that is non-reactive to diagnostic reagents, extends through a lumen 46 in the 
catheter shaft. Needle 44 and optical fibers 38 and 40 may be combined together as a single 
probe. Catheter control mechanism 39 causes india ink 48 from ink reservoir 54 to be 
injected through needle 44 into the tissue to be treated. 

Optical fiber 38 transmits light to the tissue at a number of points and optical fiber 
40 conveys light back from the tissue for analysis by spectroscopic diagnosis system 42 in 
order to determine whether the tissue is cancerous at each of these points. Each such point 
that is determined to be cancerous is marked by india ink 48 using needle 44. 

With reference to Fig. 5, light source 24 is turned on, and catheter 36 having 
optical fibers 38, 40 and needle 44 is withdrawn from working channel 34, and a catheter 50 
having forcips jaws 52 located at its distal end is inserted through working channel 34. 
Forceps jaws 52 are used to remove the tissue diagnosed by the spectroscopic diagnosis 
system 42 and marked by india ink 48. 
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Numerous other embodiments are also within the scope of the claims. For 
example, Figs. 6-10 are drawings of different embodiments of an endoscopically insertable 
catheter 100 combining optical fibers and various other types of interventional devices. 
Catheter 1 00 can be inserted in an endoscope as shown in Figs. 1 -5 in order to perform 
spectroscopic diagnosis on tissue and remove cancerous tissue without having to mark the 
cancerous tissue with india ink. After the interventional device removes the cancerous tissue, 
the optical fibers are used to perform spectroscopic diagnosis on the remaining tissue to 
determine whether all of the cancerous tissue has been removed. 

In Fig. 6, catheter 100 has optical fibers 102, 104 glued to a surface of a scalpel 

106. 

In Fig. 7, catheter 100 has optical fibers 102, 104 placed between forceps jaws 108, 
which may be multiple sampling biopsy forceps jaws capable of removing multiple samples 
of tissue into the body of catheter 100 as described in U.S. Patent Application No. 
08/193,382, the entire disclosure of which is hereby incorporated herein by reference. The 
forceps jaws are caused to open up as shown in Fig. 7 by the withdrawal of an outer sleeve of 
the catheter (not shown) in the proximal direction and are caused to close together by pushing 
the outer sleeve in the distal direction. There is a hole at the tip of the forceps jaws through 
which the optical fibers can extend, the optical fibers being extendable and retractable with 
respect to the catheter and with respect to the forceps jaws. The forceps jaws can be used to 
remove tissue known to be unhealthy or to obtain biopsy samples for additional, cellular 
analysis. The optical fibers are of course retracted when the forceps jaws are being used. If 
the forceps jaws are of the multiple-biopsy type, the optical fibers can be bundled together as 
a single probe designed to spear through the biopsy samples within the catheter for continued 

diagnosis at additional sites. 

Referring to Fig. 8, catheter 100 has optical fibers 102, 104 placed next to a 
polypectomy snare 1 10, which can be looped around a polyp and quickly retracted into 
catheter 100 to excise the polyp. The optical fibers may alternatively pass through the same 
lumen as the snare. 

Referring to Fig. 9, catheter 100 has optical fibers 102, 104 placed next to scissors 
1 12. Alternatively, the optical fibers may be glued to one of the scissors blades. 

In Fig. 10, catheter 100 has optical fibers 102, 104 placed next to a needle 1 14, 
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similar in construction to needle 44 described above in connection with Figs. 1-5. 
Needle 1 14 may be constructed to inject chemical ablation fluid or other drugs into tissue, 
possibly including time-release capsules containing cancer-fighting substances, to cut tissue, 
or to apply glue for temporarily adhering tissue between the esophagus and the stomach for 
treating gastroesophageal reflux disease. Localized chemical ablation or drug treatment can 
be performed at high concentration because of the specificity with which spectroscopic 
diagnosis can identify the location of unhealthy tissue. Needle 1 14 of Fig. 10 or needle 44 of 
Figs. 1-5 can also be used to inject a diagnostic reagent into a suspect site that bonds more 
selectively with diseased (cancerous) tissue than with normal tissue, or vice versa, as 
described above. Such a "needle for injection ofa diagnostic reagent can als^bTihcludedin 
any of the catheters of Figs. 6-9. In each of the embodiments of Figs. 6-10, optical fibers 
102, 104 are extendable and retractable with respect to catheter 100, and with the exception of 
the embodiment of Fig. 6, in which the optical fibers are glued to scalpel 106, any movement 
capabilities of optical fibers 102, 104 on the one hand and the interventional device on the 
other hand can be completely independent of each other. 

Each of the embodiments described above in connection with Figs. 1-10 can be 
modified by eliminating the endoscope and adding additional optical fibers to the catheter for 
use. in connection with the imaging function, or by using one or more optical fibers of the 
catheter not only in connection with the spectroscopic diagnosis function but also in 
connection with the imaging function. Since the catheter would be used without an 
endoscope, the catheter would have a steerable tip to allow movement and positioning of the 
catheter. The lumen of the catheter needle, in embodiments having such a needle, can double 
as a wash for the visual fiber optics as well as a vacuum and air source. One advantage of 
such a construction is that the catheter would not have to be as large as-an endoscope 
combined with a catheter, because no endoscope working channel is required. 

With reference to Fig. 1 1 , an endoscope 200 is combined with an endoscopically 
insertable catheter 216 having forceps jaws 218 and an endoscopically insertable catheter 212 
having a rotatable ultrasound imaging transducer 214. Ultrasound imaging transducer 214 
provides a visual image of the tumor, which can be useful in determining the depth to which s 
tumor has grown into or through the wall of a lumen in order to determine whether the tumor 
can be removed safely from the lumen! If the tissue structure imaged by ultrasound imaging 
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transducer 214 can be removed safely from the lumen, forceps jaws 218 are used to remove 
the tissue structure. The visual image can also be used to determine how much tissue should 
be removed. The imaging can be performed simultaneously with the tissue removal, so as to 
enable the physician to see whether the tissue structure has been completely removed. 

Endoscope 200 has an optical fiber 202 for transmitting light from light source 230 
to tissue located at a distal end of endoscope 200, an optical fiber 204 for conveying light 
back from the tissue to eyepiece 234 for viewing tissue, a fluid channel 206 for flushing 
tissue with fluid provided by fluid source 232, and working channels 208, 210 for receiving 
catheters 212 and 216 respectively. Interventional catheter control mechanism 224 controls 
the longitudinal movement of catheter 216 within working channel 210 as well as the 
operation of forceps jaws 218. 

Similarly, ultrasound catheter control mechanism 226 controls the longitudinal movement of 
ultrasound catheter 212 within working channel 208 as well as the operation of ultrasound 
transducer 214, including its rotation, transmission of ultrasound pulses, and detection of 
reflected pulses by the transducer. The ultrasound image of the tissue imaged by the 
ultrasound transducer is displayed by ultrasound image display 228. 

The endoscope of Fig. 1 1 also may be used in combination with any of the 
different endoscopically insertable catheters combining optical fibers and interventional 
devices described above and shown in Figs. 610, which may be substituted for interventional 
catheter 2 16. 

For example, in Fig. 12, catheter 216 has forceps jaws 218 and optical fibers 220, 
222, which are connected to a spectroscopic diagnosis system 236 that spectroscopically 
diagnoses the tissue to determine whether the tissue should be treated, as is described above 

in connection with Fig. 7. 

If the tissue is found to be cancerous or otherwise in need of removal, ultrasound 
imaging catheter 214 is used to measure the depth to which a tumor has grown into or 
through the wall of a lumen to determine whether the tumor can be removed safely from the 
lumen. If the cancerous tissue imaged by ultrasound imaging device 214 can be removed 
safely from the lumen, forceps jaws 2 1 8 are used to remove the cancerous tissue. After 
forceps jaws 218 remove the cancerous tissue, optical fibers 220, 222 are used to perform 
spectroscopic diagnosis on the tissue to determine whether all of the cancerous tissue has 



() 



o 



been removed. 

There have been described novel and improved apparatus and techniques for 
diagnosing and performing interventional procedures on tissue. It is evident that those skilled 
in the art may now make numerous uses and modifications of and departures from the 
specific embodiments described herein without departing from the inventive concept. For 
example, other interventional devices may be substituted for the ones described above and set 
forth in the drawings. 



